Single-crystal growth of the starting magnetite was carried out in an image furnace (NEC model SC-M35HD) in the atmosphere of high-purity argon (99.999% purity) at the Department of Mechanical Engineering, the University of Texas at Austin. The feed and seed rods, made of Fe 3 O 4 powder (99.999% purity), were first loaded into a rubber tube and were compressed to 4 kbar of hydrostatic pressure. The compacted rods were then sintered in the furnace at 937 ºC with an O 2 gas flow for 20 hrs. During an estimated crystal growth rate of 8 mm/h, the feed and seed rods were rotated in opposite directions with a rotation
speed of 30 rpm each. Laue X-ray back diffraction patterns were used to measure lattice parameters and orientations of the synthesized single crystal, which confirmed the cubic space group of 3 m with the lattice parameter a = 8.3964 Å. Temperature-dependent measurements on the specific heat and resistivity of the synthesized single-crystal magnetite showed that the Verwey transition occurred sharply with the first-order characteristics at 122 K ( Fig. S1) 1, 2 .
Based on these analyses, the synthesized single crystal has a chemical composition of Fe 3(1-δ) O 4 with |δ| = 0.00018, which is a nearly ideal chemical stoichiometry (Fig. S1) 1,2 .
X-ray emission spectroscopy (XES) experiments:
A Be gasket of 3 mm in diameter was preindented to 20 GPa using a pair of diamond anvils having 400 µm culets in a symmetric DAC. A hole of 150 µm was drilled in the very center of the pre-indented area and subsequently used as the sample chamber. A single-crystal magnetite approximately 50 μm in diameter was polished down to a 15 μm disk in thickness, and then loaded into the sample chamber, together with mineral oil as the pressure medium and a few ruby spheres of approximately 10 μm in diameter as the pressure calibrant 3 . High-pressure XES measurements were performed at the HPCAT Sector of the APS, ANL. An incident X-ray beam with an incident energy of 11.3 keV and a bandwidth of approximately 1 eV was used for the experiments 4 . The collection time for each XES spectrum was approximately 30 minutes, and 4 to 6 spectra were added together for a given pressure. FeS 2 was used as the low-spin reference, while the sample at ambient conditions and hematite were used as the high-spin reference 4-6 ( Fig. S4 ). Analyses of the XES were performed using both Integrated Absolute Difference (IAD) and Integrated Relative Difference (IRD) 
Pressure (GPa) Figure S4 . Aggregate Vp and Vs anisotropy of magnetite as a function of pressure. The anisotropy factor in percentage for Vp is derived from the difference between the maximum velocity (V max ) and the minimum velocity (V min ), while the Vs anisotropy is the shear wave splitting anisotropy between V S1 and V S2 . Table S1 . Elastic constants of single-crystal magnetite at high pressures. P (GPa) C 11 (GPa) C 44 (GPa) C 12 (GPa) K S (GPa) G (GPa) 0.0
